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(54) DISPLAY 



(57) Provided is a display apparatus which can eas- 
ily bond a drive panel (10) and a sealing panel (20) to- 
gether. The drive panel (10) includes organic electrolu- 
minescence devices (10R), (10G) and (10B) on a sub- 
strate for drive (11) and extracts light from the side of 
the organic electroluminescence devices (10R), (10G) 
and (10B). The sealing panel (20) includes a color filter 
(22) on a substrate for sealing (21 ). The drive panel (10) 
and the sealing panel (20) are disposed to face each 
other, and the whole facing surfaces of the drive panel 



(10) and the sealing panel (20) are bonded together with 
an adhesive layer (30). The adhesive layer (30) is cured 
with at least heat, and is made of only one coating liquid 
or a combination of two or more coating liquids for cur- 
ing. A temporary fixing portion (30A) is formed in an 
edge portion of the adhesive layer (30). The temporary 
fixing portion (30A) is made of, for example, an ultravi- 
olet cure resin, and is formed so as to straddle between 
the sealing panel (20) and the drive panel to align their 
relative positions. 
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Description 

TECHNICAL FIELD 

[0001] The present invention relates to a display ap- 
paratus comprising a drive panel including an organic 
electroluminescence device (organic EL device) dis- 
posed on a substrate for drive and a sealing panel, 
which are bonded together with an adhesive layer. 



BACKGROUND ART 

[0002] In recent years, organic EL displays using an 
organic electroluminescence device as an alternative to 
liquid crystal displays have become a focus of attention. 
The organic EL displays are of a self-luminous type, so 
it is considered that the organic EL displays have ad- 
vantages of a wide viewing angle, low power consump- 
tion and adequate response to high-definition high- 
speed video signals. Therefore, the organic EL displays 
have been developed to achieve the practical use there- 
of. 

[0003] A known organic electroluminescence device 
includes, for example, a first electrode, an organic layer 
having a light-emitting layer, and a second electrode 
which are laminated in this order on a substrate for drive. 
The organic electroluminescence device are sealed by 
the substrate for drive and a substrate for sealing facing 
the substrate for drive with an adhesive layer made of, 
for example, an ultraviolet cure resin in between (For 
example, Japanese Unexamined Patent Application 
Publication No, Hei 5-182759, Japanese Unexamined 
Patent Application Publication No. Hei 11-40345, Japa- 
nese Unexamined Patent Application Publication No. 
Hei 11-297476, Japanese Unexamined Patent Applica- 
tion Publication No. 2000-68049 and so on). Further, in 
order to prevent the occurrence of a non-light emitting 
area (dark spot), the organic electroluminescence de- 
vice is typically covered with, for example, an inorganic 
protective film (For example, Japanese Unexamined 
Patent Application Publication No. Hei 11-40345, Japa- 
nese Unexamined Patent Application Publication No. 
Hei 11-297476, Japanese Unexamined Patent Applica- 
tion Publication No. 2000-68049, Japanese Patent No. 
31 70542 and so on). In such an organic electrolumines- 
cence device, light generated in the light-emitting layer 
may be extracted from the side of the substrate for drive 
or the side of the second electrode depending upon the 
type of display. 

[0004] However, in the organic EL display using such 
an organic electroluminescence device, there is a prob- 
lem that the reflection of external light in a wiring elec- 
trode disposed in the organic electroluminescence de- 
vice and between the organic electroluminescence de- 
vices is large, thereby resulting in reduced contrast as 
a display. Therefore, it has been considered that a color 
filter or a reflected-light absorbing film is provided to pre- 
vent the reflection of external light. It has been reported 



that in the case of a display of the type which extracts 
light from the side of the substrate for drive, the color 
filter or the like is disposed on the substrate for drive, 
and a layer made of an ultraviolet cure resin is formed 
5 and cured on the color filter to form the organic electro- 
luminescence device (Japanese Unexamined Patent 
Application Publication No. Hei 11-260562). Moreover, 
it has been reported that after the organic electrolumi- 
nescence device is formed on the substrate for drive, 
w while the organic electroluminescence device is sealed 
with the layer made of an ultraviolet cure resin and a 
substrate for sealing, a supplementary substrate includ- 
ing the color filter, etc. is disposed on the side of the 
substrate for drive, and a layer made of the ultraviolet 
is cure resin is disposed only on an edge portion to bond 
the substrate for drive and the supplementary substrate 
together (Japanese Unexamined Patent Application 
Publication No. Hei 1 1 -345688). 
[0005] On the other hand, in the case of a display of 
20 the type which extracts light from the side of the second 
electrode, the color filter is disposed on the side of the 
substrate for sealing which seals the organic electrolu- 
minescence device. However, in the display of this type, 
the transmittance of ultraviolet radiation with a wave- 
rs length of 430 nm or less through the color filter and the 
reflected-light absorbing film to is low, so it is difficult to 
cover the organic electroluminescence device and bond 
the substrate for sealing with the ultraviolet cure resin, 
like the display of the conventional type which extracts 
so light from the side of the substrate for drive. 

[0006] In view of the foregoing, it is an object to pro- 
vide a display apparatus of the type which extracts light 
from the side of the second electrode comprising a drive 
panel including an organic electroluminescence device 
35 and a sealing panel including a color filter which are eas- 
ily bonded together. 

DISCLOSURE OF THE INVENTION 

40 [0007] A display apparatus according to the invention 
comprises: a drive panel including a plurality of organic 
electroluminescence devices with a first electrode, one 
or more organic layers including a light-emitting layer, 
and a second electrode laminated in order on a sub- 

45 strate for drive, and extracting light generated in the 
light-emitting layer from the side of the second elec- 
trode; a sealing panel with a color filter disposed on a 
substrate for sealing, and facing the drive panel on the 
side of the second electrode; and an adhesive layer dis- 

50 posing between the sealing panel and the drive panel 
so as to cover the plurality of organic electrolumines- 
cence devices, and the adhesive layer being cured with 
at least heat. 

[0008] In the display apparatus of the invention, the 
55 color filter is disposed on the substrate for sealing, so 
even if external light incident from the sealing panel is 
reflected on the organic electroluminescence devices, 
etc., the light is prevented from being emitted from the 
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sealing panel and thereby the contrast can be improved. 
Moreover, the adhesive layer is disposed so as to cover 
the organic electroluminescence devices, so the organ- 
ic electroluminescence devices are securely sealed. 
Further, the adhesive layer is cured with heat, so by the 
adhesive layer with excellent and stable adhesive prop- 
erties, the drive panel and the sealing panel are easily 
bonded together, regardless of the presence or absence 
of the color filter. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0009] 

FIG. 1 is a cross sectional view of a display appa- 
ratus according to a first embodiment of the inven- 
tion; 

FIG. 2 is an enlarged cross sectional view of an or- 
ganic electroluminescence device in the display ap- 
paratus shown in FIG. 1 ; 

FIG. 3 is an enlarged cross sectional view of anoth- 
er organic electroluminescence device in the dis- 
play apparatus shown in FIG. 1; 
FIG. 4 is a plan view of a color filter in the display 
apparatus shown in FIG. 1 viewed from the side of 
a drive panel; 

FIGs. 5A through 5C are cross sectional views se- 
quentially showing steps of manufacturing the dis- 
play apparatus shown in FIG. 1; 
FIGs. 6A through 6C are cross sectional views 
showing steps following the step in FIG. 5C; 
FIGs. 7A and 7B are cross sectional views showing 
steps following the step in FIG. 6C; 
FIG. 8 is a cross sectional view showing a step fol- 
lowing the step in FIG. 7B; and 
FIG. 9 is a cross sectional view of a display appa- 
ratus according to a second embodiment of the in- 
vention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0010] Preferred embodiments of the invention are 
described in more detail below referring to the accom- 
panying drawings. 

[First Embodiment] 

[0011] FIG. 1 shows a cross sectional view of a dis- 
play apparatus according to a first embodiment of the 
invention. The display apparatus is used as an ultra-thin 
organic EL color display, etc., and in the display appa- 
ratus, for example, a drive panel 1 0 and a sealing panel 
20 faces each other and the whole facing surfaces 
thereof are bonded together with an adhesive layer 30. 
The drive panel 10 includes an organic electrolumines- 
cence device 10R emitting red light, an organic electro- 
luminescence device 10G emitting green light and an 
organic electroluminescence device 10B emitting blue 



light disposed in order in a matrix shape as a whole on 
a substrate for drive 11 made of, for example, an insu- 
lating material such as glass. 

[0012] Each of the organic electroluminescence de- 
5 vices 10R, 10G and 10B includes, for example, an an- 
ode 12 as a first electrode, an insulating layer 13, an 
organic layer 1 4 and a cathode 1 5 as a second electrode 
laminated in this order from the side of the substrate for 
drive 11 . The anode 12 and the cathode 15 are shared 
10 among the organic electroluminescence devices 10R, 
10G and 10B in the direction orthogonal to each other, 
and have a function as wiring to supply a current to the 
organic electroluminescence devices 10R, 10G and 
10B. 

15 [0013] The anode 1 2 has a thickness in a laminating 
direction (hereinafter simply referred to as thickness) of 
approximately 200 nm, for example, and is made of a 
metal such as platinum (Pt), gold (Au), silver (Ag), chro- 
mium (Cr) or tungsten (W), or an alloy thereof. 

20 [0014] The insulating layer 13 is provided to secure 
the insulation between the anode 12 and the cathode 
15, and to accurately form light-emitting areas in the or- 
ganic electroluminescence devices 10R, 10G and 10B 
into desired shapes. The insulating layer 1 3 has a thick- 

25 ness of approximately 600 nm, for example, and is made 
of an insulating material such as silicon dioxide (Si0 2 ). 
The insulating layer 1 3 includes an aperture portion 1 3A 
corresponding to the light-emitting area. 
[0015] The organic layer 14 has a different structure 

30 for each of the organic electroluminescence devices 
10R, 10G and 10B. FIG. 2 shows an enlarged view of 
the organic layer 14 in the organic electroluminescence 
devices 10R and 10G. In the organic electrolumines- 
cence devices 10R and 10G, the organic layer 14 in- 

35 eludes a hole injection layer 14A, a hole transport layer 
14B and a light-emitting layer 14C, each of which is 
made of an organic material, laminated in this order from 
the side of the anode 12. The hole injection layer 14A 
and the hole transport layer 1 4B are provided to improve 

40 the hole injection efficiency into the light-emitting layer 
14C. The light-emitting layer 14C emits light by the in- 
jection of current, and emits light in an area correspond- 
ing to the aperture portion 1 3A of the insulating layer 1 3. 
[0016] In the organic electroluminescence device 

45 10R, the hole injection layer 14A has a thickness of, for 
example, approximately 30 nm, and is made of 4,4 , ,4 ,, - 
tris(3-methylphenylphenylamino)triphenylamine (MT- 
DATA). The hole transport layer 14B has a thickness of, 
for example, approximately 30 nm, and is made of 

so bis[(N-naphthyl)-N-phenyl]benzidine (oc-NPD). The 
light-emitting layer 14C has a thickness of, for example, 
approximately 40 nm, and is made of a 8-quinolinol alu- 
minum complex (Alq) blended with 2% by volume of 
4-dicyanomethylene-6-(p-dimethylaminostyryl)-2-me- 

55 thyl-4H-pyran (DCM). 

[0017] In the organic electroluminescence device 
10G, the hole injection layer 14A and the hole transport 
layer 14B are made of the same materials as those in 
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the organic electroluminescence device 10R. The hole 
transport layer 14A has a thickness of, for example, ap- 
proximately 30 nm, and the hole transport layer 1 4B has 
a thickness, for example, approximately 20 nm. The 
light-emitting layer 14C has a thickness of, for example, 
approximately 50 nm, and is made of a 8-quinolinol alu- 
minum complex (Alq). 

[0018] FIG. 3 shows an enlarged view of the organic 
layer 14 in the organic electroluminescence device 10B. 
In the organic electroluminescence device 10B, the or- 
ganic layer 14 includes the hole injection layer 14A, the 
hole transport layer 1 4B, the light-emitting layer 1 4C and 
an electron transport layer 14D, each of which is made 
of an organic material, laminated in this order from the 
side of the anode 12. The electron transport layer 14D 
is provided to improve the electron injection efficiency 
into the light-emitting layer 14C. 
[0019] In the organic electroluminescence device 
10B, the hole injection layer 14A and the hole transport 
layer 14B are made of the same materials as those in 
the organic electroluminescence devices 10R and 10G. 
The hole transport layer 14A has a thickness of, for ex- 
ample, approximately 30 nm, and the hole transport lay- 
er 14B has a thickness of, for example, approximately 
30 nm. The light-emitting layer 14C has a thickness of, 
for example, approximately 15 nm, and is made of 
bathocuproin (BCP). The electron transport layer 14D 
has a thickness of, for example! approximately 30 nm, 
and is made of Alq. 

[0020] As shown in FIGs. 2 and 3, the cathode 1 5 in- 
cludes a semi-transparent electrode 15A having semi- 
transparency for light generated in the light-emitting lay- 
er 14C, and a transparent electrode having transmit- 
tance for the light generated in the light-emitting layer 
14C, which are laminated in this order from the side of 
the organic layer 14. Thereby, the drive panel 10 ex- 
tracts the light generated in the light-emitting layer 14C 
from the side of the cathode 1 5 as shown by arrows with 
dashed lines in FIGs. 1 through 3. 
[0021] The semi-transparent electrode 15A has a 
thickness of, for example, approximately 10 nm, and is 
made of an alloy of magnesium (Mg) and silver (MgAg 
alloy). The semi-transparent electrode 15A is provided 
to reflect the light generated in the light-emitting layer 
14C between the anode 12 and the semi-transparent 
electrode 15A. In other words, the semi-transparent 
electrode 15A and the anode 12 constitute a resonant 
portion in a resonator which resonates the light gener- 
ated in the light-emitting layer 14C. It is preferable that 
such a resonator is constituted, because the light gen- 
erated in the light-emitting layer 14C causes multiple in- 
terference to function as a kind of narrow-band filter, and 
thereby the half-value width of the spectrum of extracted 
light is reduced and color purity is improved. Further, it 
is preferable because external light incident from the 
sealing panel 20 can be attenuated by the multiple in- 
terference, and the reflectance of the external light on 
the organic electroluminescence devices 10R, 10G and 



1 0B can become extremely small by a combination of a 
color filter 22 (refer to FIG. 1) to be described later. 
[0022] For that purpose, it is preferable to match the 
peak wavelength of the narrow-band filter and the peak 
5 wavelength of the spectrum of light desired to be ex- 
tracted. In other words, assuming that the phase shift of 
reflected light generated in the anode 12 and the semi- 
transparent electrode 15A is <D (rad), the optical dis- 
tance between the anode 12 and the semi-transparent 
10 electrode 1 5A is L, and the peak wavelength of the spec- 
trum of light desired to be extracted from the side of the 
cathode 15 is X, the optical distance L preferably satis- 
fies a mathematical formula 1 , and in fact, the optical 
distance L is preferably selected to be a positive mini- 
's mum value satisfying the mathematical formula 1 . Fur- 
ther, in the mathematical formula 1 , the units of L and Jt 
may be the same, for example, "nm". 



20 (Mathematical Formula 1 ) 

2UX+4>/2k =q (q is an integer) 

[0023] The transparent electrode 15B is provided to 
25 reduce the electrical resistance of the semi-transparent 
electrode 15A, and is made of an electrically conductive 
material having sufficient translucency to the light gen- 
erated in the light-emitting layer 14C. As the material of 
the transparent electrode 15B, for example, a com- 
30 pound including indium, zinc (Zn) and oxygen is prefer- 
able, because the compound can obtain good electrical 
conductivity even if film formation is carried out at am- 
bient temperature. It is preferable that the thickness of 
the transparent electrode 15B is, for example, approxi- 
35 mately200nm. 

[0024] As shown in FIG. 1 , the sealing panel 20 is dis- 
posed on the side of the cathode 15 of the drive panel 
10, and includes a substrate for sealing 21 to seal the 
organic electroluminescence devices 10R, 10G and 
40 1 0B together with an adhesive layer 30. The substrate 
for sealing 21 is made of a material transparent to light 
generated in the organic electroluminescence device 
10R, 10G and 10B, such as glass, In the substrate for 
sealing 21 , for example, the color filter 22 and a reflect- 
45 ed-light absorbing film 23 as a black matrix are disposed 
to extract the light generated in the organic electrolumi- 
nescence devices 1 0R, 1 0G and 1 0B, and to absorb ex- 
ternal light reflected on the electroluminescence devic- 
es 10R, 10G and 10B as well as the anode 12 and the 
50 cathode 15 which are positioned in between as wiring, 
so that the contrast is improved. 
[0025] The color filter 22 and the reflected-light ab- 
sorbing film 23 may be disposed on either side of the 
substrate for sealing 21, but preferably they are dis- 
55 posed on the side facing the drive panel 10, because 
the color filter 22 and the reflected-light absorbing film 
23 are not exposed to the surface and can be protected 
by the adhesive layer 30. The color filter 22 includes a 
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red filter 22R, a green filter 22G and blue filter 22B which 
are disposed corresponding to the organic electrolumi- 
nescence devices 10R, 10G and 10B, respectively. 
[0026] FIG. 4 shows a plan view of the color filter 22 
viewed from the side of the drive panel 10. Further, in 
FIG. 4, in order to easily identify the red filter 22R, the 
green filter 22G and the blue filter 22B, the red filter 22R, 
the green filter 22G and the blue filter 22B are indicated 
with vertical lines, oblique lines and horizontal lines, re- 
spectively. 

[0027] The red filter 22R, the green filter 22G and the 
blue filter 22B each have, for example, a rectangular 
shape, and are formed with no space in between. The 
red filter 22R, the green filter 22G and the blue filter 22B 
each are made of a resin mixed with pigments, and by 
the selection of the pigments, the light transmittance in 
a targeted wavelength of red, green or blue is adjusted 
to be higher, and the light transmittance in the other 
wavelengths is adjusted to be lower. 
[0028] As shown in FIGs. 1 and 4, the reflected-light 
absorbing film 23 is disposed along the boundaries 
among the red filter 22R, the green filter 22G and the 
blue filter 22B. The reflected-light absorbing film 23 is 
made of a black resin film containing, for example, a 
black colorant with an optical density of 1 or more, or a 
thin film filter using the interference of a thin film. More 
preferably, the reflected-light absorbing film 23 is made 
of the black resin film, because the reflected-light ab- 
sorbing film 23 can be easily formed at low cost. The 
thin film filter is made of a laminate including one or more 
layers of thin films of, for example, metal, a metal nitride 
or a metal oxide so as to attenuate light by the use of 
the interference of the thin films. A laminate of chromium 
and chromium oxide (III) (Cr 2 0 3 ) in alternate order is 
taken as a specific example of the thin film filter. 
[0029] As shown in FIG. 1 , the adhesive layer 30 cov- 
ers the whole surface of the drive panel 10 on the side 
where the organic electroluminescence devices 10R, 
1 0G and 1 0B are disposed so as to more effectively pre- 
vent corrosion and damage of the organic electrolumi- 
nescence devices 1 0R, 1 0G and 1 0B. The adhesive lay- 
er 30 is cured with at least heat. In other words, at least 
a part of the adhesive layer 30, more specifically at least 
a portion of the adhesive layer 30 covering the organic 
electroluminescence devices 10R, 10G and 1 0B is a 
portion 30B cured with heat. The portion 30B cured with 
heat is made of, for example, a thermosetting resin such 
as a phenol resin, a melanin resin, an unsaturated pol- 
yester resin, an epoxy resin, a silicon resin, a poly- 
urethane resin or the like. 

[0030] A temporary fixing portion 30A is formed in a 
part of an edge portion of the adhesive layer 30. The 
temporary fixing portion 30A is made of, for example, 
an ultraviolet cure resin, and is formed so as to straddle 
between the sealing panel 20 and the drive panel 10. 
The temporary fixing portion 30A is provided to align the 
relative position of the sealing panel 20 with the drive 
panel 10. 



[0031] The display apparatus can be manufactured 
through, for example, the following steps. 
[0032] FIGs. 5A through 7B show a method of manu- 
facturing the display apparatus step by step. First, as 

5 shown in FIG. 5A, the reflected-light absorbing film 23 
made of the above-described material is formed on the 
substrate for sealing 21 made of the above-described 
material, and then is patterned into the shape shown in 
FIG. 4. Next, as shown in FIG, 5B, the material of the 

10 red filter 22R is coated on the substrate for sealing 21 
through a spin coat method or the like, and then the ma- 
terial of the red filter 22R is patterned and fired through 
photolithography to form the red filter 22R. It is prefera- 
ble that an edge portion of the red filter 22R covers the 

15 reflected-light absorbing film 23 during patterning, be- 
cause it is difficult to pattern the red filter 22R with high 
accuracy so as not to cover the reflected-light absorbing 
film 23, and a portion overlaid on the reflected-light ab- 
sorbing film 23 does not affect the display of an image. 

20 Then, as shown in FIG. 5C, like the red filter 22R, the 
blue filter 22B and the green filter 22G are formed in 
order- Thereby, the sealing panel 20 is formed. 
[0033] Further, as shown in FIG. 6A, for example, a 
plurality of anodes 1 2 made of the above-described ma- 

25 terial are formed in parallel on the substrate for drive 1 1 
made of the above-described material through, for ex- 
ample, direct current sputtering. Then, the insulating 
layer 13 of the above-described thickness is formed on 
the anodes 1 2 through, for example, CVD (chemical va- 

30 por deposition), and a portion of the insulating layer 1 3 
corresponding to a light-emitting area is selectively re- 
moved through lithography to form the aperture portion 
13A. 

[0034] Next, as shown in FIG. 6B, corresponding to 

35 the aperture portion 13A of the insulating layer 13, the 
hole injection layer 14A, the hole transport layer 14B, 
the light-emitting layer 14C and the electron transport 
layer 14D, each of which is made of the above-de- 
scribed material and has the above-described thick- 

40 ness, are formed in order by the use of an area mask 
(not shown) through, for example, vapor deposition. At 
this time, the area mask is changed depending upon the 
organic electroluminescence devices 10R, 10G and 
10B to form the layers. Further, it is difficult to carry out 

45 vapor deposition only on the aperture portion 1 3A with 
high accuracy, so it is preferable that each layer is 
formed so as to cover the whole aperture portion 13A 
and slightly cover the edge of the insulating layer 1 3. 
After forming the organic layer 14, a plurality of semi- 

50 transparent electrodes 15A which have the above-de- 
scribed thickness and are made of the above-described 
material are formed in parallel in the direction perpen- 
dicular to the anodes 12 by the use of the area mask 
(not shown) through, for example, vapor deposition. Af- 

55 ter that, on the semi-transparent electrodes 15A, the 
transparent electrodes 15B are formed through, for ex- 
ample, direct current sputtering by the use of the same 
area mask used when the semi-transparent electrodes 



9 



EP 1 441 571 A1 



10 



15A are formed. Thereby, the drive panel 10 is formed. 
[0035] After forming the sealing panel 20 and the drive 
panel 10, as shown in FIG. 6C, for example, a thermo- 
setting resin is coated on a surface of the substrate for 
drive 11 where the organic electroluminescence devices 
10R, 10G and 10B are formed so as to form the portion 
30B cured with heat in the adhesive layer 30. The step 
of coating may be carried out through, for example, dis- 
charging the resin from a slit nozzle type dispenser, roll 
coating or screen printing. For the portion 30B cured 
with heat in the adhesive layer 30, one coating liquid or 
a combination of two coating liquids is used for curing. 
Further, in the case of a combination of two or more coat- 
ing liquids, the coating liquids may be coated at the 
same time or separately in any order. When coating the 
coating liquids at the same time, a mixture of the coating 
liquids may be coated, or the coating liquids may be 
coated at the same time so as to be mixed. When coat- 
ing the coating liquids separately, after the coating liq- 
uids are coated in order, the liquids may be mixed by, 
for example, the application of pressure caused by 
bonding the sealing panel 20 and the drive panel 10 to- 
gether. 

[0036] Next, as shown in FIG. 7A, the drive panel 10 
and the sealing panel 20 are bonded together with the 
adhesive layer 30 in between. At this time, it is prefera- 
ble that a surface of the sealing panel 20 on the side 
where the color filter 22 and the reflected-light absorbing 
film 23 are formed is disposed so as to face the drive 
panel 10. Further, it is preferable not to enter air bubbles 
into the adhesive layer 30. 

[0037] Then, as shown in FIG. 7B, for example, the 
sealing panel 20 is moved in a direction indicated with 
an arrow to align the relative position between the seal- 
ing panel 20 and the drive panel 10. In other words, the 
positions of the organic electroluminescence devices 
1 0R, 1 0G and 1 0B and the color filter 22 are aligned. At 
this time, the adhesive layer 30 is not yet cured, so the 
relative position between the sealing panel 20 and the 
drive panel 1 0 can be moved approximately a few hun- 
dred urn. The relative position between the sealing pan- 
el 20 and the drive panel 1 0 is aligned to temporarily fix 
the sealing panel 20. For example, an ultraviolet cure 
resin is coated on at least a part of the edge portion of 
the adhesive layer 30 so as to straddle between the 
sealing panel 20 and the drive panel 10, and the ultra- 
violet radiation U V is applied from the side of the sealing 
panel 20 to cure the ultraviolet cure resin, thereby the 
temporary fixing portion 30A is formed so as to be ca- 
pable of temporarily fixing the sealing panel 20. 
[0038] Finally, as shown in FIG. 8, the adhesive layer 
30 is heated to an appropriate temperature to be cured, 
and thereby the drive panel 10 and the sealing panel 20 
are bonded together. The curing temperature can be ap- 
propriately determined depending upon the heating 
time, such as 80°C for a heating time of 2 hours and 
60°C for a heating time of 4 hours. Thus, the display 
apparatus shown in FIGs. 1 through 4 is completed. 



[0039] In the display apparatus manufactured through 
the above steps, when a predetermined voltage is ap- 
plied between the anode 12 and the cathode 15, a cur- 
rent is injected into the light-emitting layer 14C, and 

5 holes and electrons are bonded again to emit light main- 
ly in an interface on the light-emitting layer 14C. The 
light is reflected several times between the anode 12 
and the semi-transparent electrode 15A, and passes 
through the cathode 1 5, the adhesive layer 30, the color 

w filter 22 and the substrate for sealing 21 to be extracted 
from the side of sealing panel 20. In the embodiment, 
as the color filter 22 and the reflected-light absorbing 
film 23 are disposed on the sealing panel 20, external 
light incident from the sealing panel 20 is prevented from 

15 being reflected on the organic electroluminescence de- 
vices 10R, 10G and 10B and then being emitted from 
the sealing panel 20, thereby the contrast can be im- 
proved. 

[0040] Moreover, in the embodiment, in each of the 

20 organic electroluminescence devices 10R, 10G and 
10B, the resonator including the semi-transparent elec- 
trode 15A and the anode 12 as a resonant portion is 
constituted, so by multiple interference, the half-value 
width of the spectrum of extracted light can be reduced, 

25 and color purity can be improved, as well as external 
light is attenuated, and the reflectance of the external 
light is reduced by a combination of the color filter 22. 
In other word, the contrast can be further improved. 
[0041] Thus, according to the embodiment, the color 

30 filter 22 is disposed on the substrate for sealing 21 , and 
the sealing panel 20 and the drive panel 10 are bonded 
together with the adhesive layer 30 disposed so as to 
cover the organic electroluminescence devices 10R, 
1 0G and 1 0B, so external light incident from the sealing 

35 panel 20 can be prevented from being reflected on the 
organic electroluminescence devices 10R, 10G, 10B 
and so on , and then being emitted from the sealing panel 
20. Therefore, the contrast can be improved. Moreover, 
the adhesive layer 30 can securely seal the organic 

40 electroluminescence devices 1 0R, 1 0G and 1 0B, so the 
organic electroluminescence devices 10R, 10G and 
10B can be effectively prevented from corrosion and 
damage. Further, the adhesive layer 30 is cured with 
heat, so the drive panel 1 0 and the sealing panel 20 are 

45 easily bonded together with the adhesive layer 30 hav- 
ing excellent and stable adhesive properties, regardless 
of the presence or the absence of the color filter 22. 
[0042] Still further, the temporary fixing portion 30A is 
formed in a part of the edge portion of the adhesive layer 

so 30 to align the relative position of the sealing panel 20 
with the drive panel 1 0, so more accurate alignment can 
be carried out. In addition, the temporary fixing portion 
30A is made of an ultraviolet cure resin, so the tempo- 
rary fixing portion 30A can be cured at a lower temper- 

55 ature for a shorter time. Thereby, temporary fixation can 
be carried out with ease and accuracy. 
[0043] Moreover, when each of the organic electrolu- 
minescence devices 10R, 10G and 10B have the reso- 
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nator including the semi-transparent electrode 1 5A and 
the anode 12 as a resonant portion, multiple interfer- 
ence of light generated in the light-emitting layer 14C 
arises to function as a kind of narrow-band filter, so the 
half-value width of the spectrum of extracted light can 
be reduced, and color purity can be improved. Further, 
external light incident from the sealing panel 20 can be 
attenuated by the multiple interference, so by a combi- 
nation of the color filter 22, the reflectance of the exter- 
nal light on the organic electroluminescence devices 
1 0R, 1 0G and 1 0B can become extremely small. There- 
fore, the contrast can be further improved. 

[Second Embodiment] 

[0044] FIG. 9 shows a display apparatus according to 
a second embodiment of the invention. The display ap- 
paratus is equivalent to the display apparatus described 
in the first embodiment except that an antireflective film 
24 is disposed on a surface of the substrate for sealing 
21 on the opposite side of the drive panel 1 0. Therefore, 
like components are denoted by like numerals as of the 
first embodiment and will not be further explained. 
[0045] The antireflective film 24 is provided to prevent 
surface reflection of external light on the substrate for 
sealing 21. When the substrate for sealing 21 is made 
of, for example, glass, the surface reflection thereof is 
approximately 4%, because when the reflection of the 
external light inside the display apparatus is inhibited by 
the color filter 22, the reflected-light absorbing film 23 
and so on, the surface reflection on the substrate for 
sealing 21 is not negligible. 

[0046] The antireflective film 24 is preferably made of 
a thin film filter including a laminate of, for example, sil- 
icon oxide (Si0 2 ), and titanium oxide (Ti0 2 ) or niobium 
oxide (Nb 2 0 5 ). 

[0047] Thus, according to the embodiment, in addition 
to effects described in the first embodiment, as the 
antireflective film 24 is disposed on the substrate for 
sealing 21 , the surface reflection of the external light on 
the substrate for sealing 21 can be reduced, thereby the 
contrast can be further improved. Incidentally, as of the 
above first embodiment, the adhesive layer 30 is cured 
with heat, and the second embodiment provides the ef- 
fects equal to those of the above first embodiment. 
[0048] The present invention is described referring to 
the preferred embodiments. However, the invention is 
not limited to the embodiments, and is applicable to var- 
ious modifications. For example, in the above embodi- 
ments, although the case that the color filter 22 and the 
reflected-light absorbing film 23 are disposed on the 
substrate for sealing 21 is described, the reflected-light 
absorbing film 23 may or may not be disposed as re- 
quired. 

[0049] Moreover, in the above embodiments, the ad- 
hesive layer 30 is disposed on the whole surface of the 
drive panel 10, but the adhesive layer 30 may be dis- 
posed to cover at least the organic electroluminescence 



devices 10R, 10G and 10B. Further, in the above em- 
bodiments, the temporary fixing portion 30A is disposed 
in a part of the edge portion of the adhesive layer 30, 
but the temporary fixing portion 30A may be disposed 

5 on, for example, the whole edge portion of the adhesive 
layer 30 so as to surround the adhesive layer 30. 
[0050] In addition, in the above embodiments, the 
structures of the organic electroluminescence devices 
10R, 10G and 10B are described referring to specific 

io components. However, the organic electrolumines- 
cence devices 10R, 10G and 10B may not include all 
layers such as the insulating layer 1 3 or the transparent 
electrode 15B, or may further include any other layers. 
The invention is applicable to the case where the semi 

15 transparent electrode 15A is not included, although as 
described in the above embodiments, the resonator with 
the semi-transparent electrode 15A and the anode 12 
as a resonance portion is preferably included, because 
the reflectance of the external light on the organic elec- 

20 troluminescence devices 1 0R, 1 0G and 1 0B can be fur- 
ther reduced, and thereby the contrast can be further 
improved. 

[0051] Still further, in the above embodiments, the first 
electrode is the anode, and the second electrode is the 

25 cathode, but the first electrode may be the cathode and 
the second electrode may be the anode. In this case, 
light is extracted from the side of the anode, and the 
anode is made of a semi-transparent electrode, a trans- 
parent electrode or the like. 

30 [0052] Moreover, in the above embodiments, the ma- 
terial of the organic layer 14 is changed so as to emit 
red, green or blue light, however, the invention is appli- 
cable to a display apparatus which emits these light by 
a combination of color changing mediams (CCM) or a 

35 combination of color filters. 

[0053] As described above, according to the display 
apparatus of the invention, the drive substrate including 
the organic electroluminescence devices and the sub- 
strate for sealing including the color filter are bonded 

40 together with at least the adhesive layer which is cured 
with heat, so by the adhesive layer having excellent and 
stable adhesive properties, the drive panel and the seal- 
ing panel can be easily bonded together, and thereby, 
the display apparatus of the type that light is extracted 

45 from the side of the second electrode can be easily im- 
plemented. 

[0054] More specifically, according to the display ap- 
paratus of an aspect of the invention, the temporary fix- 
ing portion is formed in at least a part of the edge portion 

so of the adhesive layer so as to straddle between the seal- 
ing panel and the drive panel, and aligns the relative 
position of the sealing panel with the drive panel, so 
more accurate alignment can be carried out. 
[0055] Moreover, according to the display apparatus 

55 of another aspect of the invention, the temporary fixing 
portion is made of an ultraviolet cure resin, so the tem- 
porary fixing portion can be cured at a lower temperature 
for a shorter time, thereby temporary fixation can be car- 
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ried out with ease and accuracy. 
[0056] In addition, according to the display apparatus 
of still another aspect of the invention, the antireflective 
film is disposed on the substrate for sealing, so the sur- 
face reflection of the external light on the substrate for 
sealing can be reduced, and thereby the contrast can 
be further improved. 

[0057] Further, according to the display apparatus of 
a further aspect of the invention, the semi-transparent 
electrode and the first electrode constitute a resonant 
portion of the resonator, so the multiple interference of 
light generated in the light-emitting layer arises to func- 
tion as a kind of narrow band filter. Thereby, the half- 
value width of the spectrum of extracted light can be re- 
duced, and color purity can be improved. In addition, the 
external light incident from the sealing panel can be at- 
tenuated by the multiple interference, and by a combi- 
nation of the color filter, the reflectance of the external 
light on the organic electroluminescence devices can 
become extremely small. Therefore, the contrast can be 
further improved. 

[0058] Obviously many modifications and variations 
of the present invention are possible in the light of the 
above teachings. It is therefore to be understood that 
within the scope of the appended claims the invention 
may be practiced otherwise than as specifically de- 
scribed, 



Claims 

1 . A display apparatus, comprising: 

a drive panel including a plurality of organic 
electroluminescence devices with a first elec- 
trode, one or more organic layers including a 
light-emitting layer, and a second electrode 
laminated in order on a substrate for drive, and 
extracting light generated in the light-emitting 
layer from the side of the second electrode; 
a sealing panel with a color filter disposed on a 
substrate for sealing, and facing the drive panel 
on the side of the second electrode; and 
an adhesive layer disposing between the seal- 
ing panel and the drive panel so as to cover the 
plurality of organic electroluminescence devic- 
es, and the adhesive layer being cured with at 
least heat. 

2. A display apparatus according to claim 1 , wherein 

at least a portion of the adhesive layer is a 
portion cured with heat. 

3. A display apparatus according to claim 1 , wherein 

at least a portion of the adhesive layer cover- 
ing the organic electroluminescence devices is a 
portion cured with heat. 



4. A display apparatus according to claim 1 , wherein 

the adhesive layer is made of only one coating 
liquid or a combination of two or more coating liq- 
uids for curing. 

5 

5. A display apparatus according to claim 4, wherein 

the combination of two or more coating liquids 
is mixed through coating at the same time. 

™ 6. A display apparatus according to claim 4, wherein 
the combination of two or more coating liquids 
is mixed through separately coating the coating liq- 
uids in order, then applying a pressure thereto. 

is 7. A display apparatus according to claim 1 , wherein 
a temporary fixing portion is included in at 
least a part of an edge portion of the adhesive layer, 
and the temporary fixing portion is formed so as to 
straddle between the sealing panel and the drive 
panel, and aligns the relative position of the sealing 
panel with the drive panel. 

8. A display apparatus according to claim 7, wherein 
the temporary fixing portion is made of an ul- 
traviolet cure resin. 

9. A display apparatus according to claim 8, wherein 
the temporary fixing portion is cured with ul- 
traviolet radiation from the side of the sealing panel. 

10. A display apparatus according to claim 1 , wherein 
the color filter includes a red filter, a green fil- 
ter and a blue filter, and is disposed on the side of 
the substrate for sealing facing the drive panel. 

11. A display apparatus according to claim 1 , wherein 
the sealing panel includes a reflected-light ab- 
sorbing film on the substrate for sealing. 

12. A display apparatus according to claim 11 , wherein 
the reflected-light absorbing film made of a 

black resin film with an optical density of 1 or more, 
or a thin film filter using the interference of a thin film. 

13. A display apparatus according to claim 11 , wherein 
the reflected-light absorbing film is disposed 

on the side of the substrate for sealing facing the 
drive panel. 

14. A display apparatus according to claim 1 , wherein 
the sealing panel includes an antireflective 

film disposed on the side of the substrate for sealing 
opposite to the drive panel. 

15. A display apparatus according to claim 1 , wherein 
the second electrode includes a semi-trans- 
parent electrode having semi-transparency for light 
generated in the light-emitting layer, and 
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the semi-transparent electrode and the first 
electrode constitute a resonant portion of a resona- 
tor resonating 

the light generated in the light-emitting layer, 

5 

16. A display apparatus according to claim 15, wherein 
assuming that a phase shift of reflected light 
generated in the first electrode and the semi-trans- 
parent electrode is <D, an optical distance between 
the first electrode and the semi-transparent elec- 10 
trode is L and a peak wavelength of a spectrum of 
light extracted from the second electrode is X, the 
optical distance L is a positive minimum value sat- 
isfying a mathematical formula 2: 

15 

(Mathematical Formula 2) 
2LA+0/27c=q (q is an integer). 
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